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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an improved 
edged medical tool, such as injection needles, knives, 
scalpels, scissors, chisels and the like, used in the 
medical and dental treatments and surgical opera- 
tions for therapeutic, preventive and inspective pur- 
poses, and a method for the preparation of such an 
improved edged medical tool. 

The above mentioned edged medical tools are 
used for incising or cutting a living body tissue or for 
injecting a liquid medicament into or taking a body flu- 
id from a living body so that it is essentially important 
thatthe edge of the tool can be thrusted into the living 
body tissue with a frictional resistance as small as 
possible. Further, it is important that the surface of 
the tool in contact with the living body tissue is not re- 
sponsible for accelerated coagulation of blood and is 
stable against and insusceptible to the corrosive in- 
fluence of the body fluids even when the tool is pro- 
longedly kept in contact with the living body tissue. 
Needless to say, the edge of the tool should be as 
sharp and incisive as possible like other edged tools 
in general. 

Conventionally, these edged medical tools are 
manufactured of a ceramic material or a metal option- 
ally coated with a ceramic. The edged medical tools 
prepared from these prior art materials are not quite 
satisfactory in respect of the high frictional resistance 
in thrusting into living body tissues and acceleration 
of blood coagulation. Accordingly, it is eagerly de- 
sired in the medical and dental art to develop an 
edged tool free from the above mentioned problems 
in the conventional edged tools and satisfying the 
above mentioned requirements. 

One of the inventors previously disclosed in JP- 
A-61-210179 (=EP-A-1 94652) that the performance 
of a microtome blade such as incisiveness could be 
remarkably improved by forming a coating layer of sil- 
icon carbide on the surface of a substrate blade by 
the plasma-induced vapor-phase deposition method. 
Such a method of coating with silicon carbide, how- 
ever, is not quite effective when a substantial im- 
provement is desired of an edged medical tool. Fur- 
ther, it is disclosed in JP-A-63-92345 (=CH-A- 
675353) that a substantial improvement can be ob- 
tained in the performance of an edged medical tool 
when the surface of the edged tool is provided with 
a carbonaceous coating layer of a diamond-like crys- 
talline structure having a thickness of 1 to 20 nm 
which is deposited by the plasma-induced vapor-pha- 
se deposition in an atmosphere of a gaseous mixture 
of hydrogen and a hydrocarbon compound such as 
methane. The diamond-coated edged medical tool, 
howeveer, is still not quite satisfactory when the tool 
is used in a very exquisite technique of so-called mi- 



crosurgery applied to an extremely minute portion of 
a living body in respect of the damage to the living 
cells. 

5 SUMMARY OF THE INVENTION 

In view of the above described problems in the 
edged medical tools of prior art, the inventors have 
further continued extensive investigations on the 

10 way to improve the performance of the diamond- 
coated medical tool and arrived at an unexpected dis- 
covery on the base of which the present invention has 
been completed. 

Thus, the present invention provides a novel 

is method for the preparation of an improved edged 
medical tool, which method comprises the steps of: 

(a) exposing a base body of an edged medical 
tool to an atmosphere of a plasma generated in 
a gaseous mixture composed of hydrogen gas 

20 and a hydrocarbon gas by applying a high- 

frequency electric power at a frequency in the 
range from 1 GHz to 10 GHz to deposit a carbo- 
naceous coating layer having an at least partially 
crystalline structure of diamond and a thickness 

25 in the range from 1 nm to 20 nm on the surface 
of the base body of the edged medical tool in a 
plasma-induced vapor-phase deposition proc- 
ess; and 

(b) exposing the coated base body of the edged 
30 medical tool to an atmosphere of a plasma gen- 
erated in hydrogen gas by applying a high- 
frequency electric power at a frequency of 1 MHz 
or higher to effect etching of the surface of the at 
least partially crystalline carbonaceous coating 

35 layer to such an extent that the surface has a sur- 
face roughness in the range from 0.5 nm to 5 nm 
or, preferably, in the range from 1 nm to 3 nm. 
As is understood from the above given descrip- 
tion of the inventive method, the edged medical tool 
40 of the invention has a structure of a base body of the 
tool and a carbonaceous coating layer thereon having 
a thickness of 1 nm to 20 nm and an at least partially 
crystalline structure of diamond, the surface of the 
coating layer being roughened to have a roughness 
45 in the range from 0.5 nm to 5 nm or, preferably, in the 
range from 1 nm to 3 nm. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

50 

The material of the base body of the inventive 
edged medical tool is not particularly limitative and 
any material used in conventional edged medical 
tools can be used including metals, e.g., stainless 
55 steels, corundam, e.g., rubys and sapphires, tung- 
sten carbide and the like. The base body may have a 
configuration of a conventional edged medical tool 
according to desire without particular limitations but 
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should be well sharpened prior to the plasma treat- 
ment. 

The first step for the preparation of the inventive 
edged medical tool is formation of a carbonaceous 
coating layer thereon having an at least partially crys- 5 
talline structure of diamond by the method of plasma- 
induced vapor-phase deposition. The plasma treat- 
ment is performed by exposing the base body to a 
plasma atmosphere generated in a gaseous mixture 
of hydrogen gas and a hydrocarbon gas such as me- 10 
thane, ethane, propane, ethylene and the like. The 
gaseous mixture may optionally be diluted with an in- 
ert gas as a carrier such as helium, argon and the like. 
The mixing ratio by volume of the hydrocarbon gas 
(A) to the hydrogen gas (B), i.e. (A):(B), can be varied 15 
in a wide range from 500 to 0.001. When an inert gas 
is used as a carrier gas (C), the volume of the inert 
gas should satisfy the relatioship of (A):[(B) + (C)] = 
500 to 0.001 and the volume of the inert gas should 
be equal to or smaller than the volume of the hydro- 20 
gen gas. The pressure of the gaseous atmosphere is 
controlled in the range from 5 Pa to 50 kPa in order 
to ensure stability of the plasma discharge. 

The method for generating plasma in the above 
described atmosphere is well known in the art. It is 25 
preferable in the invention that the plasma is gener- 
ated by applying a high frequency electric power at a 
frequency of 1 GHz or higher or, preferably, in the 
range from 1 GHz to 10 GHz. 

In practicing the plasma treatment, a base body 30 
of the edged medical tool is set in a plasma chamber 
and the pressure of the atmosphere inside the plas- 
ma chamber is controlled at the above mentioned re- 
duced pressure by continuously introducing a gas- 
eous mixture of a hydrocarbon gas, hydrogen gas 35 
and, optionally, inert gas under continuous evacua- 
tion. Then, a high-frequency electric power is sup- 
plied to the electrodes of the plasma chamber so that 
plasma is generated in the chamber. It is important 
that the temperature of the base body under expos- 40 
ure to the plasma is controlled in the range from 500 
to 1300 °C. When the temperature of the base body 
is lower than 500 °C t hydrogen gas is sometimes in- 
cluded in the deposited carbonaceous coating layer. 
When the temperature exceeds 1 300 °C, on the other 45 
hand, reverse transition in the crystalline structure 
possibly takes place in the deposited carbonaceous 
coating layer from the structure of diamond to that of 
graphite. 

When the base body is exposed to the atmos- 50 
phere of plasma in the above described manner, a 
carbonaceous coating layer is deposited on the sur- 
face thereof as a consequence of the pyrolysis of the 
hydrocarbon gas in the plasma flame. The thus de- 
posited carbonaceous coating layer has a crystalline 55 
structure of diamond or a composite crystalline struc- 
ture of diamond and graphite. The plasma treatment 
is continued until the deposited coating layer has a 



thickness in the range from 1 nm to 20 nm or, prefer- 
ably, from 5 to 15 nm. The reliability of coating would 
be poor when the thickness of the coating layer is 
smaller than 1 nm while the frictional resistance be- 
teween the tool surface and the living body tissue into 
which the tool is thrusted may be increased to give an 
increased damage and pain to the patient when the 
thickness of the coating layer is too large. It is some- 
times advantageous that the thickness of the coating 
layer is smallest at the very edge of the edged tool in- 
creasing as the distance from the very edge increas- 
es. 

The next step of the inventive method is the plas- 
ma-etching treatment of the carbonaceous coating 
layer deposited on the surface of the base body in the 
above described process of plasma- induced vapor- 
phase deposition so that the coating layer may have 
a surface roughness in the range from 0.5 nm to 5 nm. 
This plasma-etching treatment is performed by ex- 
posing the coated base body of the edged tool to a 
plasma generated in an atmosphere of hydrogen gas, 
preferably, by applying a high-frequency electric pow- 
er at a frequency of 1 MHz or higher or, preferably, in 
the range from 5 MHz to 100 MHz. The atmospheric 
gas for the plasma generation is preferably pure hy- 
drogen gas although intermixing of a small volume of 
water vapor, oxygen and the like may have no partic- 
ularly adverse influences. The pressure of the hydro- 
gen plasma atmosphere was kept in the range from 
5 to 20 Pa and the substrate was kept at a tempera- 
ture in the range from 20 to 50 °C. The plasma-etch- 
ing treatment is continued until the surface has a sur- 
face roughness in the range from 0.5 nm to 5 nm or, 
preferably, in the range from 1 nm to 3 nm. 

It is a quite unexpected discovery that the fric- 
tional resistance between the diamond-coated edged 
medical tool and the living body tissue into which the 
edged tool is thrusted is remarkably decreased when 
the surface of the tool has been roughened to have 
a roughness of 0.5 nm to 5 nm by the plasma-etching 
treatment in an atmosphere of hydrogen gas. 

In the following, the edged medical tool of the in- 
vention and the inventive method for the preparation 
thereof are described in more detail by way of exam- 
ples, which should not be construed to limit the scope 
of the invention in any way. 

Example 1. 

A tungsten carbide-made base body of a sharp- 
ened scalpel after successive washing with water and 
isopropyl alcohol and drying was mounted on a 
mounting table in a plasma chamber equipped with a 
plunger and a waveguide opening in such a disposi- 
tion that the edge of the scalpel was just facing the 
stream of the plasma gas inside the chamber. After 
closing the chamber, the chamber was evacuated to 
have a pressure of about 5 Pa and then a 5:95 by vol- 
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ume mixture of methane and hydrogen was intro- 
duced into the chamber at a controlled rate with con- 
current evacuation so that the pressure inside the 
chamber was maintained in the range from 2.7 to 26.6 
kPa by the balance of continuous introduction of the 5 
plasma gas and evacuation. A microwave generator 
of 300 watts output with a magnetron was energized 
to generate microwaves of 2.45 GHz which were guid- 
ed through an isolator, power motor, three-stab tuner 
and waveguide to a quartz glass-made reaction tube 10 
surrounding the base body of scalpel so that plasma 
was generated to surround the base body. The output 
power of the microwave generator was adjusted so 
that the temperature of the base body could be main- 
tained at about 930 °C. After 20 minutes of the plasma is 
treatment in this manner, the base body of scalpel 
was taken out of the plasma chamber and examined 
to find that the surface of the base body was coated 
with a carbonaceous coating layer having a thickness 
of 1 5 to 1 8 nm as determined with an ellipsometer and 20 
having a crystalline structure of diamond. 

In the next place, the thus coated base body of 
scalpel was placed in another plasma chamber in 
such a disposition that the edge of the scalpel was 
just facing the gaseous stream in the chamber. After 25 
closing the chamber, the chamber was evacuated to 
have a reduced pressure of about 5 Pa and then hy- 
drogen gas was introduced continuously into the 
chamber at a controlled rate so that the pressure in- 
side the plasma chamber was maintained at about 10 30 
Pa by the balance of the continuous introduction of 
hydrogen gas and evacuation. Thereafter, a high- 
frequancy generator of 200 watts output at a frequen- 
cy of 1 3.56 MHz was energized to generate plasma in 
the hydrogen atmosphere under adjustment of the 35 
electric power so as to control the temperature of the 
base body at about 30 °C. After 20 minutes of the 
plasma treatment for etching in this manner, the scal- 
pel was taken out of the plasma chamber and exam- 
ined for the surface condition to find that the surface 40 
had a roughness of up to 2 nm. 

The thus diamond-coated and surface-rough- 
ened scalpel, referred to as the scalpel A hereinbe- 
low, was subjected to the incisiveness test according 
to the procedure specified in JIS T 0201 to find a val- 45 
ue of 1.1 ml. For comparison, the same incisiveness 
testwas undertaken for a diamong-coated scalpel be- 
fore the plasma-etching treatment and a scalpel be- 
fore the plasma treatment for the deposition of a di- 
amond-like coating layer, referred to as the scalpels 50 
B and C, respectively, hereinbelow, to find values of 
4.0 ml and 7.0 ml, respectively. 

A number of bovine primary embryos were cut 
and isolated by using one of these scalpels A, B amd 
C and the isolated embryos were cultured in a stan- 55 
dard culture medium at 37 °C to determine the per- 
centage of survival in the cutturing to give results that 
the percentages of survival were 73%, 62% and 31 % 



with the scalpels A, B and C, respectively, after 8 
days of culturing. 

Example 2. 

A ruby-made base body of scalpel after succes- 
sive washing with water and isopropyl alcohol and 
drying was placed in the same plasma chamber as 
used in the first step of Example 1. After closing the 
chamber, the chamber was evacuated to have a pres- 
sure of about 5 Pa and then a 5:95 by volume mixture 
of methane and hydrogen was introduced into the 
chamber at a controlled rate with concurrent evacua- 
tion so that the pressure inside the chamber was 
maintained in the range from 2.7 to 26.8 kPa by the 
balance of continuous introduction of the plasma gas 
and evacuation. A microwve generator of 350 watts 
output with a magnetron was energized to generate 
microwaves of 2.45 GHz which were guided through 
an isolator, power motor, three-stab tuner and wave- 
guide to a quartz glass- made reaction tube surround- 
ing the base body of scalpel so that plasma was gen- 
erated to surround the base body. The electric power 
of the microwave generator was adjusted so that the 
temperature of the base body could be maintained at 
about 1050 °C. After 15 minutes of the plasma treat- 
ment in this manner, the base body was taken out of 
the plasma chamber and examiner to find that the 
surface of the base bosy was coated with a carbona- 
ceous coating layer having a thickness of 10 to 12 nm 
as determined with an ellipsometer and having a 
crystalline structure of diamond. 

In the next place, the thus diamond-coated scal- 
pel was subjected to a plasma-etching treatment in 
about the same manner as in Example 1. Thus, the 
scalpel was placed in another plasma chamber in a 
disposition similar to that in Example 1 and, after clos- 
ing the chamber, the chamber was evacuated to have 
a reduced pressure of about 5 Pa and then hydrogen 
gas was introduced continuously into the chamber at 
a controlled rate so that the pressure inside the plas- 
ma chamber was maintained at about 10 Pa by the 
balance of the continuous introduction of hydrogen 
gas and evacuation. Thereafter, the high-frequancy 
generator of 200 watts output at a frequency of 13.56 
MHz was energized to generate plasma in the hydro- 
gen atmosphere under adjustment of the electric 
power so as to control the temperature of the scalpel 
base body at about 30 °C. After 15 minutes of the 
plasma treatment for etching in this manner, the scal- 
pel was taken out of the plasma chamber and exam- 
ined for the surface condition to find that the surface 
had a roughness of up to 2.8 nm. 

The thus diamond-coated and surface-rough- 
ened scalpel, referred to as the scalpel 1, hereinbe- 
low, was subjected to the incisiveness test according 
to the procedure specified in JIS T 0201 to find a val- 
ue of 1 .8 ml. For comparison, the same incisiveness 
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test was undertaken for a diamond-coated but urv 
etched scalpel and a scalpel before the plasma treat- 
ment for the deposition of a diamond-like coating lay- 
er, referred to as the scalpels E and F, respectively, 
hereinbelow, to find values of 4.2 ml and 8.0 ml, re- 
spectively. 

A number of bovine primary embryos were cut 
and isolated by using one of these scalpels D, E and 
F and the isolated embryos were cultured to deter- 
mine the percentage of survival In the culturing to 
give results that the percentages of survival were 
71%, 59% and 29% with the scalpels D, E and F, re- 
spectively, after 8 days of culturing. 

Example 3. 

A sapphire-made base body of scalpel was sub- 
jected to the plasma treatment for the deposition of 
a carbonaceous coating layer thereon in about the 
same manner as in Example 2 except that the pres- 
sure inside the plasma chamber was controlled at 2.7 
to 26.6 kPa, the temperature of the base body was 
maintained at 980 °C by adjusting the microwave out- 
put at about 330 watts and the plasma treatment was 
continued for 12 minutes. The base body of scalpel 
taken out of the plasma chamber was examined to 
find that the surface thereof was provided with a car- 
bonaceous coating layer having a thickness of 8 to 10 
nm and having a crystalline structure of diamond. 

In the next place, the thus coated base body of 
scalpel was placed in another plasma chamber in 
such a disposition that the edge of the scalpel was 
just facing the gaseous stream in the chamber. After 
closing the chamber, the chamber was evacuated to 
have a reduced pressure of about 5 Pa and then hy- 
drogen gas was introduced continuously into the 
chamber at a controlled rate so that the pressure in- 
side the plasma chamber was maintained at about 5 
to 20 Pa by the balance of the continuous introduction 
of hydrogen gas and evacuation. Thereafter, a high- 
frequancy generator of 200 watts output at a frequen- 
cy of 1 3.56 MHz was energized to generate plasma in 
the hydrogen atmosphere under adjustment of the 
electric power so as to control the temperature of the 
base body of scalpel at about 30 °C. After 25 minutes 
of the plasma treatment for etching in this manner, 
the scalpel was taken out of the ptasma chamber and 
examined for the surface condition to find that the 
surface had a roughness of up to 1.8 nm. 

The thus diamond-coated and surface-rough- 
ened scalpel, referred to as the scalpel G hereinbe- 
low, was subjected to the incisiveness test according 
to the procedure specified in JIS T 0201 to find a val- 
ue of 1.0 ml. For comparison, the same incisiveness 
test was undertaken for a diamonf -coated scalpel be- 
fore the plasma-etching treatment and a scalpel be- 
fore the plasma treatment for the deposition of a di- 
amond-like coating layer, refer rfed to as the scalpels 



H and I, respectively, hereinbelow, to find values of 
3.9 ml and 7.5 ml, respectively. 

A number of bovine primary embryos were cut 
and isolated by using one of these scalpels G, H and 
5 I and the isolated embryos were cultured to deter- 
mine the percentage of survival in the culturing to 
give results that the percentages of survival were 
76%, 60% and 29% with the scalpels G, H and I, re- 
spectively, after 8 days of culturing. 

10 

Claims 

1. An edged medical tool which integrally compris- 
is es: 

(a) a base body of the edged medical tool; and 

(b) a carbonaceous coating layer on the base 
body having a thickness in the range from 1 
nm to 20 nm and an at least partially crystal- 

20 line structure of diamond, the surface of the 

coating layer being roughened to have a 
roughness in the range from 0.5 nm to 5 nm. 

2. A met hod for the preparation of an edged medical 
25 tool which comprises the steps of: 

(a) exposing a base body of the edged medi- 
cal tool to an atmosphere of a plasma gener- 
ated in a gaseous mixture composed of hydro- 
gen gas and a hydrocarbon gas by applying a 

30 high-frequency electric power at a frequency 

in the range from 1 GHz to 10 GHz to deposit 
a carbonaceous coating layer having an at 
least partially crystalline structure of diamond 
and a thickness in the range from 1 nm to 20 

35 nm on the surface of the base body of the 

edged medical tool in a plasma-induced va- 
por-phase deposition process; and 

(b) exposing the coated base body of the 
edged medical tool to an atmosphere of a 

40 plasma generated in hydrogen gas by apply- 

ing a high-frequency electric power at a fre- 
quency of 1 MHz or higher to effect etching of 
the surface of the at least partially crystalline 
carbonaceous coating layer to such an extent 

45 that the surface has a surface roughness in 

the range from 0.5 nm to 5 nm. 

3. The method as claimed in claim 2 wherein the fre- 
quency of the high frequency electric power in 

50 step (b) is in the range from 5 MHz to 100 MHz. 

4. The method as claimed in claim 2 wherein the 
pressure of the hydrogen gas in step (b) is in the 
range from 5 Pa to 20 Pa. 

55 

5. The method as claimed in claim 2 wherein the 
coated base body in step (b) is kept at a temper- 
ature in the range from 20 °C to 50°C. 
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Patentanspruche 

1. Ein scharfes medlzinisches Werkzeug, welches 
aufweist: 

(a) einen Grundkorperdes scharfen medizini- 
schen Werkzeuges und 

(b) eine kohlenstoffhaltige Uberzugsschicht 
auf dem Grundkdrper, die eine Dicke von 1 nm 
bis 20 nm aufweist und zumindest teilweise 
die Kristallstruktur von Diamant besitzt, wobei 
die Oberflache der Uberzugsschicht bis zu ei- 
ner Rauhigkeit von 0,5 nm zu 5 nm aufgeraut 
ist. 

2. Verfahren zur Herstellung eines scharfen medizi- 
nischen Werkzeuges, welches folgende Schritte 
aufweist: 

(a) Aussetzen des Grundkorpers des schar- 
fen medizinischen Werkzeuges einer Plas- 
maatmosphare, die in einer gasformigen Mi- 
schung bestehend aus Wasserstoffgas und 
Kohlenwasserstoffgas erzeugt wird unter An- 
legen einer elektrischen Hochrrequenzspan- 
nung einer Frequenz von 1 GHz bis 10 GHz 
zum Abscheiden einer kohtenstoffhaltigen 
Uberzugsschicht, die zumindest teilweise die 
kristalline Struktur eines Diamanten aufweist 
und eine Dicke von 1 nm bis 20 nm besitzt auf 
der Oberflache des Grundkorpers des schar- 
fen medizinischen Werkzeuges in einem plas- 
mainduzierten Ablagerungsverfahren aus der 
Dampfphase; und 

(b) Aussetzen des beschichteten Grundkor- 
pers des scharfen medizinischen Werkzeu- 
ges einer plasmaatmosphare, welche in Was- 
serstoffgas erzeugt wird, unter Anlegen einer 
Hochfrequenzspannung mit einer Frequenz 
von 1 MHz Oder hoher, so daB die Oberflache 
der zumindest teilweisen kristallinen, kohlen- 
stoff haltigen Uberzugsschicht derart angeazt 
wird, da& die Oberflache eine Oberflachen- 
rauhheit von 0,5 nm bis 5 nm aufweist. 

3. Verfahren nach Anspruch 2, 

bei dem die Frequenz der Hochfrequenzspan- 
nung in Schritt (b) 5 MHz bis 100 MHz betragt. 

4. Verfahren nach Anspruch 2, bei dem der Druck 
des Wasserstoffgases in Schritt (b) 5 Pa bis 20 
Pa betragt. 

5. Verfahren nach Anspruch 2, bei dem der be- 
schichtete Grundkorper in Schritt (b) bei einer 
Temperatur von 20 bis 50 °C gehalten wird. 



Revendications 

1. Outil medical acere qui comprend de facon inte- 
grate, 

5 a) un corps de base de I'outil medical acere ; 

et 

b) une couche de revfitement a base de car- 
bone sur le corps de base ayant une epais- 
seur dans un domaine atlant de 1 nm a 20 nm 
10 et, au moins partieliement, la structure cristal- 

line du diamant, la surface de la couche de re- 
vetement etant rendue rugueuse de facon a 
presenter une ruguosite situee dans un do- 
maine de 0,5 nm a 5 nm. 

15 

2. Procede pour la realisation d'un outil medical 
acere qui comprend les etapes consistant a : 

a) exposer un corps de base de I'outil medical 
acere a une atmosphere d'un plasma genere 

20 dans un melange gazeux compose de gaz hy- 

drogene et d'un hydrocarbure, en appliquant 
une energie electrique a haute frequence, si- 
tuee a une frequence dans un domaine de 1 
GH Z a 10 GH Z , pour deposer une couche de 

25 revetement a base de carbone ayant au moins 

partieliement la structure cristalline du dia- 
mant et une epaisseur dans une gamme de 1 
nm a 20 nm, sur la surface du corps de base 
de I'outil medical acere, selon un processus 

30 de depfit en phase vapeur induit par plasma ; 

et 

b) exposer le corps de base revetu de I'outil 
medical acere a une atmosphere d'un plasma 
genere dans le gaz hydrogene, en appliquant 

35 une energie electrique a haute frequence, a 

une frequence de 1 MH Z ou plus elevee, pour 
effectuer le decapage de la surface de la cou- 
che de revetement a base de carbone au 
moins partieliement cristalline, dans une me- 

40 sur e telle que la surface presente une ruguo- 

site de surface dans un domaine de 0,5 nm a 
5 nm. 

3. Procede selon la revendication 2 dans lequel la 
45 frequence de l'6nergie 6lectrique a haute fre- 
quence dans I'etape b est situee dans un domai- 
ne de 5mH z a100 MH Z . 

4. Procede selon la revendication 2 dans lequel la 
50 pression du gaz hydrogene dans l'6tape b) est si- 
tuee dans un domaine de 5 Pa a 20 Pa. 

5. Procede selon la revendication 2 dans lequel le 
corps de base revetu dans I'etape b) est maintenu 

55 a une temperature situee dans une gamme aliant 

de 20°C a 50°C. 
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